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5. 2 + sin (— 9) — 2 — sin 0 ^ r and 2 + sin ( 7 r — 9) 

= 2 + sin 9 7 ^ —r =>■ not symmetric about the x-axis; 

2 + sin ( 7 T — 9) = 2 + sin 0 = r =+ symmetric about the 
y-axis; therefore not symmetric about the origin 


y 



6 . 1+2 sin (—9) = 1 — 2 sin 9 ^ r and 1 + 2 sin (n — 9) 

= 1 + 2 sin 9 7 ^ — r => not symmetric about the x-axis; 

1 + 2 sin (-7T — 9) — 1 + 2 sin 9 — r => symmetric about the 
y-axis; therefore not symmetric about the origin 


7. sin (— |) = — sin (0 = — r =>■ symmetric about the y-axis; 
sin (^00 = sin (0 , so the graph is symmetric about the 
x-axis, and henee the origin. 


8 . eos (— 0 = eos (0 = r =+ symmetric about the x-axis; 
eos (^F 0 = eos (0 , so the graph is symmetric about the 
y-axis, and henee the origin. 



9. eos (—9) — eos 9 = r 2 =>■ (r, — 9 ) and (—r, — 9 ) are on the 
graph when (r, 9) is on the graph => symmetric about the 
x-axis and the y-axis; therefore symmetric about the origin 


y 
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10. sin (tt — 9) — sin 9 = r 2 => (r, ix — 9) and (—r, n — 9) are on 
the graph when (r, 9) is on the graph => symmetric about 
the y-axis and the x-axis; therefore symmetric about the 
origin 



11. — sin (7T — 9) = — sin 9 — r 2 => (r, n — 9) and (—r, ir — 9) 
are on the graph when (r, 9) is on the graph => symmetric 
about the y-axis and the x-axis; therefore symmetric about 
the origin 


y 



12. — cos(—9) = — eos 9 — r 2 => (r. — 9) and (—r, — 9) are on 
the graph when (r, 9) is on the graph => symmetric about 
the x-axis and the y-axis; therefore symmetric about the 
origin 


13. Since ( ± r, —9) are on the graph when (r, 9) is on the graph 
(( ± r) 2 = 4 eos 2(— 9) => r 2 = 4 eos 29 ) , the graph is 
symmetric about the x-axis and the y-axis =>• the graph is 
symmetric about the origin 



14. Since (r, 9) on the graph =>• (—r, 9) is on the graph 
(( ± r) 2 = 4 sin 29 => r 2 = 4 sin 29) , the graph is 
symmetric about the origin. But 4 sin 2(—9) = —4 sin 29 
7 ^ r 2 and 4 sin 2(7t — 9) = 4 sin (27t — 29) = 4 sin (—29) 
— —4 sin 29 r 2 => the graph is not symmetric about 
the x-axis; therefore the graph is not symmetric about 
the y-axis 



15. Since (r, 9) on the graph => (—r, 9) is on the graph 
(( ± r) 2 = — sin 29 => r 2 = — sin 29) , the graph is 
symmetric about the origin. But — sin 2 (—9) — —(— sin 29) 
sin 29 ^ r 2 and — sin 2(7r — 9) = — sin (27r — 29) 

= — sin (—29) = —(— sin 29) = sin 29 ^ r 2 => the graph 
is not symmetric about the x-axis; therefore the graph is 
not symmetric about the y-axis 
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16. Since( ± r, —0) are on the graph when (r, 9) is on the 
graph (( ± r) 2 = — eos 2(— 9) => r 2 = — eos 20), the 
graph is symmetric about the x-axis and the y-axis => the 
graph is symmetric about the origin. 



17. 9=1 => r = — 1 => (- 1 , |), and 9 = - 
=> (—1, — |) ; r' = = — sin 0; Slope = 

= -sm 2 e+rcosg ^ Slope at (_! is 

- sin 0 eos 0—r sin 0 r V ’ 2 / 


1 =» r=-l 

r' sin 0+r eos 0 
r' eos r sin 0 


- sin 2 (|)+(-l) eos | 
— sin | eos | —(— 1) sin | 


— 1; Slope at (—1, — |) is 


-sin 2 (-f)+(-!) eos (-f) 

— sin (— |) eos (-f)-(-!) sin(-¡) 


= 1 



18. 0 = 0 => r = —1 =>■ (-1,0), and 0 = tt ^ r = -1 
=> (—1, tt); E = § = eos 0; 

oí _ i 7 sin 0+r eos 0 eos 0 sin 0+r eos 0 

P r' eos 0—r sin 0 eos 0 eos 0—r sin 0 


_ eos 0 sin 0+r eos 0 

eos 2 0—r sin 0 


=>■ Slope at (—1,0) is 


eos 0 sin 0+(— 1) eos 0 
eos 2 0—(—1) sin 0 


= —1; Slope at (— l,7r) is 


eos 7T sin 7r+(— 1) eos 7r 
COS 2 7T—(— 1) sin 7T 



19. 0=1 r = 1 => (1, 5) ; 0 = - l => r = -1 

=► (-1 ,-l);0=^ => r = —1 => (-1, x) ; 

* = => r= 1 => 

r' = ^ = 2 eos 20; 

oi nnp r' sin 0+r eos 0 2 eos 20 sin 0+r eos 0 

P r' eos 0—r sin 0 2 eos 20 eos 0—r sin 0 


Slope at (—1, 


7 r\ - 2cos(-f) sin (-f)+( —l)cos(-g) _ 1 . 
4) 2cos(-|) eos (-|)-(-l)sin(- j) ’ 


Slope at (-1, x) 


2 eos sin (^)+(-l)cos (^) 
2 cos (t) cos(^)-(-l)sin(^) 



Slope at (1, — 


2 cos | 

f 3n ^ 

{ 2 y 

1 sin ( 

37t\ 

4 ) 

+(1)cos( 

f 37T \ 

, 4 ) 

2 cos ( 

r t) 

COS | 

f 37T 

k 4, 

) —(1) sin 1 

Í-t) 
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20. 0 = 0 => r = 1 => (1,0); 0= § => r= -1 => (—1, f) ; 
0 = - | =>• r = — 1 =» (-1, - f) ; 0 = 7T => r = 1 
=> (1,7r); ^ — —2 sin 20; 

oí _ r' sin fl+r eos 9 _ —2 sin 26 sin fl+r eos 0 

P rf eos 0—r sin 0 —2 sin 20 eos 0—r sin 9 

=> Slope at (1.0) is sm « Sln » +cos 9 , which is undefined; 

^ v 5 / —2 sin 0 eos 0—sin 0 ’ ’ 


Slope at (—1, |) is 


—2 sin 2 (^) sin (^)+(—l)cos (^) 
—2 sin 2 (^) eos (j)—(—1)sin (j) 


= 0 ; 


Slope at (—1, 


f) « 


—2 sin 2 (— |) sin (~|)+(—l)cos(-f) 
—2 sin 2 (— I) eos (-§)—(—1) sin (— |) 


= 0 ; 


Slope at (1,7r) is ~ sm 1 * sin 7r+cos - , which is undefined 

r v 5 / —2 sin 27 t eos 7T —sin 7r ’ 



21. (a) 



(b) 



22. (a) 



23. (a) 



24. (a) 
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25. 



29. Note that (r, 0) and (—r, 9 + ir) describe the same point in the plañe. Then r = 1 — eos 0 0—1— eos (0 + ir) 
= — 1 — (eos 0 eos 7r — sin 0 sin 7r) = — 1 + eos 0 = — (1 — eos 0) = —r; therefore (r, 0) is on the graph of 
r = 1 — eos 0 O (—r, 0 + ir) is on the graph of r = — 1 — eos 0 => the answer is (a). 


y y 



r = 1 - eos 6 r =-1 - eos 9 r = l+cos 0 
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30. Note that (r, 9) and (—r, 9 + 7r) describe the same point in the plañe. Then r = eos 29 ^ — sin ( 2(9 + 7r)) + |) 
= — sin (29 + 5 2 lr ) = — sin (29) eos (=y) — eos (29) sin (^-) = — eos 29 — —r; therefore (r, 9) is on the graph of 
r = — sin (29 + |) => the answer is (a). 


y y 
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(d) 




11.5 AREA AND LENGTHS IN POLAR COORDINATES 

1- A =/o> 2d 0=[s 03 ]o = T 

2- A = /; / fi(2 sin0) 2 d0 = if^sin 2 0 d0 = 2d 0 = £¡£ 1 - cos20)d0 = [0 - ¿sin 20]$ 

= (f-0)-(f-i) = | + i 


X 27T f * 27T f* 27T 

i (4 + 2 cos 0 ) 2 d 0 = J o i (16 + 16 eos 0 + 4 eos 2 0 ) d 0 = J Q [8 + 8 eos 0 + 2 ( 1+c ° s2g )] dé) 
= £ (9 + 8 eos 0 + eos 20 ) d 0 = [90 + 8 sin 0 + | sin 20 ] = 187 r 

r>27T r»2ir r>2l T 

4. A =J 0 | [a(l + eos 0)] 2 d 0 = J Q 2 a 2 (1 + 2 eos 0 + eos 2 0 ) d 0 = ¡¡ a 2 J Q (l + 2 eos 0 + 1 + c ° s " fl ) d 0 
= 5 a 2 f Q (|+2 eos 0+1 eos 20 ) d 0 = ¿ a 2 [| 0 + 2 sin 0 + \ sin 20 ] = 17 ra 2 

5. A = 2 / 0 ‘ /4 i eos 2 20 d0 = f¿ /4 i±ssi*i d0 = i [0 + ^] [] /4 = f 

«• A = 1-í‘t l (“ s 3í, ) 2 de = ¡j’* cos J 3«d» = ++d«=l/;)‘ 6 (l+co s 6S)dS 

= l[d+í s i„ 6 «]’ 4 6 =l(! + 0 )-lH+ 0 ) = dL 

7. A = J'g \ (4 sin 20) d ^ — f 0 2 sin 20 d0 = [— eos 20] q A — 2 

8 . A = (6)(2) J^ 6 ! (2 sin 30) d0 = 12 sin 30 d0 = 12 [- ^|M] [] /6 = 4 

9. r = 2 eos 0 and r = 2 sin 0 => 2 eos 0 = 2 sin 0 
=> eos 0 = sin 0 =+ 0 = |; therefore 

A = 2 (2 sin 0 ) 2 d0 = 4 sin 2 0 d0 

= £' 4 4 ( 1 ~ c 2 os2g ) d0 = £' 4 (2-2 eos 20) d0 

= [20 - sin 20 ] g /4 = f - 1 


y 
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10. r = 1 and r = 2 sin 0 =+ 2 sin 9 — 1 =>■ sin 0 = | 
=> 0 = | or f ; therefore 

r*5n/6 

A = 7 r( 1 ) 2 - J i [(2 sin 0 ) 2 - l 2 ] dé» 

X 5n/6 

/6 (2 sin 2 0 - i) d 0 

n 5 ’r/6 

= 7r ~£ /6 0 - eos 20 - j) d 0 

= ^ - i; Ü - cos 20 ) d 0 = 7T - [i 0 - 

= *■ - (if - 5 sin f) + (n - 5 sin f) = 4jL ^r^ 

11 . r = 2 and r = 2(1 — cos 0 ) =+ 2 = 2 ( 1 — cos 9) 

=> cos 0 = 0 +> 9 — ± |; Iherefore 

A = 2 X 5 [7(1 — eos 0 )] 2 d0 + larea of the circle 

= X 4(1 — 2 cos 0 + eos 2 0) d0 + (1 7 r) (2 ) 2 

= £4 (1 - 2 eos 0 + 1+c ° s2fl ) d0 + 2 tt 

= £ (4 — 8 cos 0 + 2 + 2 cos 20) d0 + 2n 

— [60 — 8 sin 0 + sin 20] £ + 2n = 5n — 8 



12 . r = 2(1 — cos 0 ) and r = 2(1 + cos 0 ) =+ 1 — cos 0 

= 1 + cos 0 => cos 0 = 0 => 0 =| or ^ ; the graph also 
gives the point of intersection ( 0 , 0 ); therefore 

A = 2 f£ 2 \ [2(1 - cos 0 )] 2 d0 + 2 f \ [2(1 + cos 0 )] 2 d0 

= X 4(1 — 2cos 0 + eos 2 0)d0 
+ J 4(1+2 cos 0 + eos 2 0)d0 



2 cos 0 


1 + cos 26 > 

2 J 


1 + £ 4 (1 + 2 eos 0 + 1 + c ° s29 ) d0 


8 cos 0 + 2 cos 20 ) d 0 


8 cos 0 + 2 cos 20 ) d 0 


= [60 — 8 sin 0 + sin 20 ] £ + [60 + 8 sin 0 + sin 20 ] / 2 = 67 r — 16 


13. r = a/ 3 an d r 2 = 6 cos 20 => 3 = 6 cos 20 => cos 20 = ,[ 
+> 0 = | (in the lst quadrant); we use symmetry of the 
graph to find the area, so 

A = 4 J / 6 1 (6 cos 20) - 1 (y/3)" d0 
= 2 f£ 6 (6 cos 20 - 3) d0 = 2 [3 sin 20 - 30] / 6 

= 3y/3 — 7T 
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14. r = 3a eos 0 and r = a(l + eos 9) =>• 3a eos 9 = a(l + eos 9) 
=>• 3 eos 9 = 1 + eos 9 => eos 9 = \ =+ 9 = | or — |; 

the graph also gives the point of intersection ( 0 , 0 ); therefore 

A = 2 J g | [(3a eos 9) 2 — a 2 (l + eos 0 ) 2 ] d 9 
— J g (9a 2 eos 2 9 — a 2 — 2a 2 eos 9 — a 2 eos 2 9) d 9 
= J o ( 8 a 2 eos 2 9 — 2a 2 eos 9 — a 2 ) d 9 
— J g [4a 2 (l + eos 29) — 2 a 2 eos 9 — a 2 ] d0 
— J g (3a 2 + 4a 2 eos 29 — 2a 2 eos 9) d 9 
= [3a 2 # + 2a 2 sin 29 — 2a 2 sin 9\ = 7 ra 2 + 2a 2 (i) — 2a 2 




15. r = 1 and r = —2 eos 9 =>■ 1 = —2 eos 9 =>■ eos 9 = — \ 
=> 9 — in quadrant II; therefore 
A = 2 f 2 /3 i [(-2 eos 9) 2 - l 2 ] d0 = f 2jr/3 (4 eos 2 9 - 1) d0 
= P [2(1 + eos 2#) — 1 ] d0 = (1 +2 eos 29) d0 

= [# + sin 2 #] 27f/ 3 = f + p* 



16. r = 6 and r = 3 esc 9 => 6 sin 9 — 3 => sin 9 = \ 

X 57 t /6 

i ( 6 2 - 9 esc 2 0) d0 

= C /6 ( 18 1 csc2 0 ) = t 180 + I cot IT 

= (l57r — | >/3) — (37r + ¡ v^) = 12 tt - 9y/3 



17. r = sec 9 and r = 4 eos 9 =>■ 4 eos 0 = sec 0 =+ cos 2 0 = j 
=>• 0 = |, y, y,ory; therefore 

A=2§J y (16 cos 2 0 - sec 2 0) d0 

= f (8 + 8 eos 20 — sec 2 0 ) d 0 

= [80 + 4 sin 20 — tan 0 ]q ^ 3 

= ( t + 2a /3 -V / 3)-(0 + 0-0) = f + V / 3 



Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley. 



Section 11.5 Area and Lengths in Polar Coordinates 677 

18. r = 3 esc 0 and r = 4 sin 9 => 4 sin 9 — 3 esc 9 => sin 2 0 
=> 9 — y, j,ory; therefore 

r ?r/2 

A = 47 T — 2J i (16 sin 2 0 — 9csc 2 0) d0 

= 4tt - fJ /3 ~(8 - 8 eos 2 9 - 9 esc 2 6 ») d0 
= 4 tt - [8(9 - 4 sin 29 + 9 cot étí 
= 4tt - [(4t r - 0 + 0) - - 2 a/3 + 3y/íj 

= f + y/3 

19. (a) r = tan 9 and r = esc 9 +> tan 9 = csc 9 

=> sin 2 9 = ^-y^ cos 9 1 — eos 2 0 = cos 9 

=> eos 2 9 + (^)cos 9 — 1 = 0 => cos 9 = — y/2 or 

yr (use the quadratic formula) => 0 = | (the solution 
in the first quadrant); therefore the area of Ri is 

A i = f 0 / | tan 2 0d0= i // (sec 2 9 - 1) d9 = i [tan 9 - 9]£ = i(tan f - f) = \ - |;AO= (^) esc f 

= ^ and OB = esc f = 1 =► AB = ^ l 2 - (^) 2 = ^ => the area of R 2 is A 2 = i = ± ; 

therefore the area of the región shaded in the text is 2 — | + 5 ) = | — |. Note: The area must be found this way 

since no common interval generates the región. For example, the interval 0 < 0 < | generates the are OB of r = tan 9 

íi 

but does not generate the segment AB of the liner = y- csc 9. Instead the interval generates the half-line from B to 
+00 on the line r = y- csc 9. 

(b) lim tan 9 — 00 and the line x = 1 is r = sec 9 in polar coordinates; then lim (tan 9 — sec 9) 

9 —> 7t/2 _ 9 —> 7r/2~ 

= lim (^4-^s)= lim (sin_€_=J_\ = lim (“s9) =0 => r = tan 0 approaches 
9 —> 7t/ 2 _ Vcos0 cos9 ' 9^tt/ 2- K cose ' 9 ^k/2- V ” sln9 ' 

r = sec 9 as 9 — >A=^ r = sec 9 (or x = 1) is a vertical asymptote of r = tan 0. Similarly, r = — sec 0 (or x = — 1) 
is a vertical asymptote of r = tan 0 . 

20. It is not because the circle is generated twice from 0 — 0 to 27r. The area of the cardioid is 

A = 2 J g i (cos 9 + T ) 2 d 9 — J g (eos 2 9 + 2 cos 9 + 1) d9 = J q ( 1 + c ° s 26 + 2 cos 9 + l) d9 

= [y + + 2 sin 0] p = y . The area of the circle is A = 7 r ( 2 ) 2 = ^ => the area requested is actually y — \ = y 

21. r = 0 2 , 0 < 0 < y/5 => jg = 20; therefore Length = (0 2 ) 2 + (20 ) 2 d 9 — J o 9 a + 49 2 d9 

— Ji, 1^1 \/0 2 + 4 d0 = (since 9 > 0) 9\J9 2 + 4 d0; [u = 0 2 + 4 => | du = 0 d0; 0 = 0 => u = 4, 

0=\/5 =* u = 9] f 3 2 \A* du = ^ [| u 3 / 2 ] 4 = y 

72. r= ^,0 < 0 < ^ ^ | = 2 ||; therefore Length = £ ]/d 9 = £ ^2 (f) d0 
= /; e «d 0 =[e^ = e--l 
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23. r = 1 + eos 0 => ^ = — sin 9; therefore Length = J(1 + eos O) 2 + (— sin 0) 2 d 9 

= 2 £V2 + 2cos9d9 = 2f; y /^^d9 = 4£ y /^d0 = 4f\os(l) d6 = 4 [2 sin f ] ¡ = 8 

24. r = a sin 2 §.O<0<7r, a>0 => = a sin | eos |; therefore Length — f 0 ^/(a sin 2 §) 2 + (a sin | eos |)" d0 

= J g ^J a 2 sin 4 | + a 2 sin 2 | eos 2 § d9 = J" g a |sin || sin 2 | + eos 2 § d0 = (since 0 < 9 < n) a f sin (f) d 9 
= [-2a eos f] ¡ = 2a 


25. r = 


= /. 


1 + eos 6 

72 


0 f) — —-■ 3»£ — _ ^ s » n 7 _ . tVipt-pforp 

’ U - 0 — 2 ^ d0 — (1+eos 0)2 ' mererore 


36 


36 sin 2 8 


o y (1 +cos O) 2 “r" (1 + COS0)' 


dé» = 6 r 

Jo 


Length = f g 7 y (irl^) 3 + ( atco n sV ) 


dé» 


o I 1+cos 0 I 

V 2 . 


sin 2 fl 

(1 +cos 0) 2 


dé» 


= ( since TT^ > 0 on 0 < 0 < ¡) 6 /^(tT^ü) y/ 1 * 2 ^ + * 
— ^ So (l+cosfl) ^ 


dé» 


'2 + 2cosfl dé» = 6^2 


dfl _ z: /o 

0 (1+COS0) 3 / 2 v Jo 


(1 + eos 0) 2 

r / 2 q rW 4 o 

= 3 J q secr | d# = 6 J o secr u du = (use tables) 6 
= 6 ln |sec u + tan u|] = 3 \/l + ln ^1 + yflj 


de 


,„2 «i 3 / 2 


= 3 f 

Jo 


t/2 I o fl I „ 

sec 3 f d# 

o I 2 1 


Uí r !U1 ]o /4 + lfo / SeCudu 


26. r = 


„ ,%< 9 < 7r => 2sm L ; therefore 

1— eos 0 ’ 2 — — dd (1—eos ey ’ 


Length = X /2 -^( r^g) 2 + ( (1 _ 2 c td) 2 ) 


dé» 


2 + sin 2 0 


_ H / 4 él i sin 2 8 A Ar¡ f I 2 I / (1 — eos é>) 2 ~ 

J tt/ 2 y (1-COS9) 2 ( ' (l-cosé>) 2 / J ít/ 2 I 1 eos 6 I Y (l-cos0) 2 

= (since 1 — eos 0 > 0 on | <é»<7r) 2 £ /2 (r^) ^ ‘ ~ 2 - + ^ + ^ d<? 

= 2 r (-¡-^—z) \l n~ 2ms l dé» = 2^/2 r „ de m3/2 = 2 a /2 r -= P Icsc 3 £| dé» 

Jtt/ 2 ' 1 — eos 6/ Y (1 — COStfr V Jtt /2 (1 — COS 0) 3 / 2 v Jtt /2 (O «in 2 ir' 2 J tt/ 


72 (2 sin 2 f) 


X 7T Z»7t/2 

ese 3 (|) dé» = (since esc f > 0 on | < 0 < 7r) 2 J ese 3 u du = (use 


tables) 


2 ([- a£ T aj ] t + 5 /; CSC » ■*") = 2 (75 - [í >" Icsc c + COI u|] t) 


2 J tt/4 

y/2 + ln (l + a/2 


= 2 


LV5 + k ln ( / 2 + 1 


27. r = eos 3 | => ^ = — sin | eos 2 |; therefore Length = J g yj (eos 3 |) 2 + (—sin | eos 2 |) 


dé» 


X 7 y eos 6 (f) + sin 2 (f) eos 4 (f) ci6» = / Q 7 (eos 2 f) ^cos 2 (f) + sin 2 (f) d 9 = // eos 2 (f) 
J*> 4 1+C^(f) (10 = ! [0 + § Sin f] „ /4 = ¡ + ¡ 


dé» 


28. r = \J 1 + sin 29 ,0 < 0 < tt\/2 

Pir ^2 

Length = J q 

7T3/2 


= i (1 + sin 29) 7 2 (2 eos 20) = (eos 20)(1 + sin 20) E 2 ; therefore 


(1 + sin 20) 


eos 2 2^ 

(1 + sin 29) 


d 0 = 


/i 

Jo V 


+ 2 sin 20 + sin 2 26 + eos 2 29 
1 + sin 29 


r 

Jo 


Wrir d9 = J g ' /2 y/íd9=\V^0 


íti/2 


= 27T 


J o 
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29. Let r = f(0). Then x = f(0) eos 9 => g| = f'(9) eos 9 — f (9) sin 9 => (gf) - = [f '(9) eos 0 — f (9) sin 9] 2 

— [f'(60] 2 eos 2 9 — 2f{9) f(0) sin 9 eos 9 + [f (9)} 2 sin 2 9\ y = f(0) sin 9 =>• ^ = f ’(9) sin 9 + f(9) eos 9 

=> = [f ’(9) sin 9 + f [9) eos 0] 2 = [f'(0)] 2 sin 2 9 + 2f(9)í(9) sin 9 eos 9 + [f(0)] 2 eos 2 9. Therefore 

(I) 2 + (I) 2 = [f'(0)] 2 (eos 2 9 + sin 2 9) + [f(0)] 2 (eos 2 9 + sin 2 9) = [f ’{9)f + [f (9)f = r 2 + (^) 2 . 

Thus, L = £ + d 9 = £ yjt + (%) 2 d 19. 

30. (a) r = a =>■ g§ = 0; Length = \/a 2 + O 2 d 9 — J o |a| d9 = [a 9] 2 / = 27ra 

(b) r = a eos 0 => ^ — —a sin 0; Length = yj (a eos 9) 2 + (—a sin 9) 2 d 9 — J g y/ a 2 (eos 2 9 + sin 2 9) d 9 

= f 0 M = [a0] q = 7ra 

(c) r = a sin 9 => jg = a eos 9\ Length = (a eos 0) 2 + (a sin 9) 2 d9 — J g y/ a 2 (eos 2 9 + sin 2 9) d 9 

= f 0 N d0 = [ati¡\l=m 

31. (a) r av = ¿g, /o a(1 _ cos dél = ^ [# - sin 0\ ¡T = a 

(b) r„ = fo add = h Mo* = a 

(c) r av = (ippu f £ 2 a eos 0 d0 = i [a sin 0] ^ f 

32. r = 2f(0), a <9 < =>• gg = 2f'(0) => r 2 + (|) 2 = [2f(6»)] 2 + [2f'(6>)] 2 =4> Length = f ‘ £[f{9)] 2 + 4 [f'(6>)] 2 dé» 

— 2 J y J [f(60] 2 + [f'(6>)] 2 d 9 which is twice the length of the curve r = f (9) for a < 9 < (3. 

11.6 CONIC SECTIONS 

V 2 

1. x=y=>4p = 8=>p = 2; focus is (2,0), directrix is x = —2 

V 2 

2. x= — ^=>4p = 4=>p=l; focus is (— 1, 0), directrix is x = 1 

3. y = — ^=^4p = 6=>p=|; focus is (0, — , directrix is y = § 

4. y=^=>4p = 2=>p=;(; focus is (0, , directrix is y = — d 

5. ^ — ^ = 1=^0 = yj 4 9 — \/\3 => foci are ^ ± y/l3, (ij ; vértices are ( ± 2,0); asymptotes are y = ± | x 

6. ^ + g¡- = l=^c = y/9 — 4 — y/5 => foci are ^0, ± y/5 j ; vértices are (0, ± 3) 

7. y+y 2 = l=>c = y/2—1 = 1 => foci are ( ± 1,0); verdees are ^ ± y/2, oj 

8. g- — x 2 = l=í>c = y/4 + 1 = y/5 =>■ foci are (o, ± ; vértices are (0, ± 2); asymptotes are y = ± 2x 
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9. y 2 = I2x => X = ¿ => 4p = 12 => p = 3; 
focus is (3, 0), directrix is x = —3 


10. x 2 = 6y => y = yy => 4p = 6 =>• p = § ; 

focus is (0, |) , directrix is y = — | 


y 




11. x 2 = — 8y => y = ^ =>• 4p = 8 => p = 2; 

focus is (0, —2), directrix is y = 2 


y 



13. y = 4x 2 =► y = ^ 4p = i => p = i ; 

focus is (O, yg) , directrix is y = — yg 



15. x = —3y 2 =>• x = - => 4p = 1 => p = yg ; 

focus is (— py, O) , directrix is x = -p¡ 


y 



12. y 2 = — 2x =>• x = ¿ => 4p = 2 =$■ p = \ ; 
focus is (—4,0) , directrix is x = | 



14. y = -8x 2 y = — jtj ^4p=| => p = ¿ 
focus is (0, — p) , directrix is y = 



16. x = 2y 2 x — =í>4p=i =4- p = |; 

focus is (4 0) , directrix is x = — | 
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